Interdependency of the binding subsites in subtilisin.
Subtilisins are endopeptidases with an extended binding cleft comprising at least eight subsites, and kinetic studies have revealed that subsites distant from the scissile bond are important in determining the substrate preference of the enzymes. With the subtilisin enzyme Savinase, the interdependency of the individual Sn-Pn interactions has been investigated. It was found that the contributions from each subsite interaction to kcat/KM are not always additive. Such interdependency was also observed between subsites which are remote from each other. With a series of substrates covering S6 to S'4 of Savinase, it was observed that favorable amino acids in P1 or, more significantly, P4 of the substrate shield adverse effects of less favorable amino acids at other positions. Thus, an upper limit of kcat/KM was observed, suggesting a limit on the amount of substrate interaction energy which can be converted into transition-state stabilization. Furthermore, with substrates in which all positions had been optimized, an upper limit of kcat/KM (approximately 2 x 10(9) min-1 M-1) was seen, both for a substrate with a high kcat and for one with a low KM. These results emphasize that the design of optimal substrates or substrate-derived inhibitors for endopeptidases preferably should be based on subsite mappings where interdependent substrate-subsite interactions have been eliminated.